I. C. 6798 | Senriiean 1624 


— 


DEPARTMENT OF THE INTERIOR 


UNITED STATES BUREAU OF MINES 
= Jonn W. Fincn, Director — 


INFORMATION CIRCULAR 


lt ee = 


SAND AND GRAVEL EXCAVATION; 


PART I: THE POWER SHOVEL, THE DRAG-LINE EXCAVATOR, 
AND THE EXCAVATOR CRANE 


BY 


J. R. THOENEN 


t.G<e 0798 


Sentember, 1934 
| INFORMATION SIRCULAR 


UNITED STATES BURTAU OF MINTS 


ee ee were ee ne ee wee 8 ey we ee ewe ee; we eee le Ow ne ee. eee owe =~ a ee mm ee a me te ee Omen - 2 eee 2 omens. ee 2 ewe ee eee ee ee + ee 


ge er ne es a een eee nee ee eee ee eee 0 we ee tee we ew me i wee em nee mere ee ee ew eeeer meee rn ee ge 


SAND AD GRAVEL EROAVAT! ui/; PART I: THB POWER SHOVEL, 
DRAGLINE EXCAVATOR, AND SHE EXCAVATOR CRAND 


aaa il 


Tais circular is the third of a scries sunmarizinz the technical problems 
involved in the vnroduction and vrevaration of sand end gravel, The first, 
Information Circular 6668, nublisred in December 1932, discussed the problems 
involved in prospecting and exnloration, The second, Information Circular 
6689 (March 1933), dealt with- tne develooment of gravel deposits. This is 
part I of a paper designed to oresent a study of roblems arising in the exca~ 
vation of sand and gravel and tueir delivery to the treatment plant, Other 
circulars are planned which will @isccuss prevaration of the material for 
market, plant storaze, and eee en ans subjects. 


“or the nursose of tiis circular, excevation is defined as the recovery 
of sand and gravel fror Ccaveloved aasura,] cencsits end their delivery to a 
plant for warcet prevaration, 


PACTORS AFFECTING EXCAVALION 


The factors which must be considared in selecting a method of excavating 
a gravel deposit are both economic and tecnnologic, liconomic fvatures have 
been discussed by tre writer in a vrevicus ma | end will merely be summar- 
ized here, 


It is an wieisoutalle fact thay nro natural resource has a present com- 
mercial value as suci uwiless it cen te sole or used, This fact apolies to 
sang and gravel..deposits as well «as to otaer natural resources, Tnerefore, 
unless a reacasble market exists, a denosit of sand and gravel has a present 
commerciz.l valve equal to and soverued entirely by the value of its location 
1/ The ‘Bureau of Mines will elcome. ren rintine of tiis pe “Or, provided the 

following footnote aciziowled:ment ue useds WResrinted from U. S, Bureau 

of Mines Information Circrlar 6798, | 
2/ Senior mining engineer, U. S, Bureau - Mines. 
6/ Thoenen, J. Re, Economics of New Sand and Gravel Develooments: Econ, 
Paner 7, Bureeu of ifines, LoDo, 60 pp. 
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as land surface, This fundamental economic feature is overlooked far too often 
or celiberately iznored in the establishment of- sand and gravel vlants, Virgin 
deposits may have a potential velue for future emloitation, hut such a' 
problematical value can have no effect upon tne. ea doce of an excavation 
method for immediate use, ; 


Strictly sneaiing, the presence or absence of a market is not a factor in 
the selection of the method of excavAtion to. be. used, yet it should be the cor- 
trolling factor in determining ywhetner there s} hall or shall not be excavation 
by any method, For examole, the possibility of using: ‘a’ cheaper method may 
create a market alrendy suonlied by established slahts operating under the 
haudices of entiquerved or exmensive methods. °° 


Prior to the exncnditure of funds for developing a new deposit by any 
method, the prosvective overator should for’ his omm best interest instigate 
end complete a carefal and ¢onclusive market. survey. 

Heving done this. ani established beyond any dort the existence of a 
‘market for his material, then that marizet becoies a direct factor in the selec- 
tion of his excavating method as his market survey will snow what quantity of 
material can reasonably be absorbed and what vorosnects there may be for future 
oes Knowing: what tonnaze can be sold, lie can. design’ his plant for eitnez 

e large continuous production of varied products or a small, bomorery or con- 
Pinnsus, eocuerion of one or two special DEOAREUE s; 


His marlcet survey will also snow him what quality’ arid. pidetion of mater- 
lal he must produce, While this vrimarily affects the design of his treatment 
plant it may indirectly or in some instances even directly affect his excava~ 
tion method, Bes 


Therefore a market survey of consuners! requirements is the first essen- 
tial step in determining the method of excavation, This and otner economic 
factors are Aen in more detail in the reference cited, 

There are a number of technologic factors which have a direct bearing on 
the selection of a method of excavatign, These also have been discussed by 
the writer in a previous nuolication= £/ and will only be summarized here, 


TYPES OF DEPOSITS 


fatural sand and gravel deposits. have been classified for convenience 
under three tyves; bank, pity and marine. Pit denosits have been subdivided 
further as ary and wet ane marine denosits a as river, lake, and ocean, 

‘The tyne sgaeseatt hhas a Girect bearing woon the selection of a method 
of excavation because of its physical characteristics, Thus bank devosits, 
excent where hydrawlic methods’ are emloyed, are worked dry, Pit deposits ma; 
be eitaer dry or wety derending won local conditions, personal preferences, oF 
Machinery available, and marine deposits dre invariably overated wet, 
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4/ Thoenen, J, 2,, Development of Sand and Gravel Deposits: Inf, . Circ, 6669 
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TYPES OF EXCAVATING DQUIPMENT 


Irresvecuive of the tyoe of Gesnosit various tyves of excavating equipment 
muy ve used, The method of excavation: is governed first by tne tyne of de- 
“osit, and is inrluencec firtier by the tyne of machivery to be used, For ex- 
ample, banlz deposits are cary excavations but may be operated by power shovels, 
dragline excavators, power scravers, 2r slacicline cableway excavators or by 
hydraulicking, 


Dry nits muy emloy the same tyres of equipment as banks, but wet pits 
will not use the power showel excent for strivping and in some instances for 
removing an wxper bench above water level, ‘This in reality becomes dry-nit 
excavation, however, Tue crazline, scraner, and slacxline excavator may be 
used in wet vits as well as the oum, clamshell, or ladder dredge. So far as 
the writer is aware dipner dredses nave not been used in wet pits. A modifica- 
tion of the pwm dredge is beinz used in the Ward Jet oum witich will be dis- 
cussed later, 2 

Marine denosits may omploy power scrapers, slackline excavators, or any 
type of dredse, uraglises are less frequently used for this work, and ob-. 
viously tre power shovel is not aoplieable, If new equinment is contemplated 
‘the versonal preferences of the operator, temoered by local conditions, will 
be the governin: influence in selectins machinery and metnod of mining, - 


TYPES O23 HAULAGE EQUIPMENT 


Tne tyoe of haulage equinment may affect the method of excavation to 
sone extent, The function of hdulage equinment is to serve excavation equip- 

ment, This point is often ovarlooked in »lanning new operations,.. Haulage 
equinment cunnot trausport material that nas not been dug,. Excavating equin- 
ment cannot function properly unless tue haulate equinment can give it effic- 
ient service, | . | | 

There are several tynes of haulage equioment that may be used:with the 
various types of excavators, local conditions at one deposit may eliminate 
all but one tyoe, miile at another denosit similar conditions may indicate 
tae advantage of another tyre of neues aaah ae ok 


In banxs end ory pits, iobile haulage nits such as locomotives and cars, 
utotrucks, and -ortable belt conveyors ere used to serve power shovels and 
crageline excavators, Where the excavation has veen extended beyond economic 
reach of the pover scraper, tiese haulaze units may be used to serve the 

screper, Orcinerily, however, the »ower scraper coes its own hauling 


| Ab wet nits, trucits and industrial railways are used to serve the drag~ 
Tine ond at tines - the nower screoer, Conveyor belts are used less frequently, 
Wnere the excavating unit is the mum dredge it may do its own hauling by 
pumping through floating vine lines directly to the washing plant, If the 
distance is too great, booster purtos may be installed in tne line to act as 
the haulage wnit, At stillg sreater distances, the pine line is BDENLOACE, 
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and barges heuled by tug boats are installed, Cableway ccrepers installed in 
wey pits usualil, dcliver maverinl direct to the oleant, altnouch at a muniber o: 
pits they deliver to a hopver for truck or car leading nnd trousfer to the 
plant. 


In marine ceposits as in vet nits tue »over secrnper or slackline excavaic: 
may deliver direct to the neant or to n.ulage equinmer.t,. The pumo dredge ray 
lixewise celiver to berzes or uy booster pums direct to the viant, Other 
types of arecges usvally load Lerges of sowe sort. Some l-ske and ocean dredges 
are themselves the haulage equinment in that they load their orm holds and wnez 
full proceed uncer tueir own voter to the land plant or storage. Various com 
binations of haulare oquinment may also be used; for exammle, one western plazt 
pumps to a central bunker and uses an acrial tram to convey the materiel from 
tnere to shore, 


AVAILABLE CAPITAL 


Thus it will be seen that various methods of oneration can be employed in 
Cifferent devosits of the same tyne, Tne prosnective operator, having started 
his investigation by a study of economics as exeimlified vy market conditions 
sees progressed through the technologic problems presented by the tynes of de- 

osit, excavating equiomert, and nanlare equioment, must again turn to economics 
foe a final decision as to his method of excavation, Some methods »f operation 
involve eouinment units nominal in first cost, while others require large capita. 
investment, Some would be expensive to operate at one denosit but economical 
at another, while others vill produce material surprisingly cheap under diverse 
conditions, Cnavital necessary for investment in the required equipment and 
for operating exmenses must be balanced carefully against the funds available, 
This involves conmmarison of the characteristics of different types of excavators 
and of various combinations of excavators and haulage units in order that the 
final selectioiu will be wellebalanced and each component properly provortioned 
to serve its corresponding unit efficiently, constantly, and without excessive 
use of power ox labor, The final capit-1 requirements must be within the means 


of the overator, 


LIMITATIONS, REQUIREMENTS, AND CAPACITIES OF 
DOXCAVATING AND HAULAGE EQUIPMENT 


The suitability of excavation equivment to fulfill the needs of the method 
of excavation, as indicated by the tyne of devosit, depends upon the capacity 
of the wnit, the limitations inherent in its construction or operation, and its 
requirements in the way of service equi>ment, 


Unless the study of market conditions specifically indicates the need for 
expansion in the future, no plent should be equipped for more than the indi- 
cated capacity. This does not mean that the units should each be neld rigidly 
to the required capacity. Frequently an excavating unit capable of a certain 
moximum production will operate more economically at a somewhat lower rate, 
For this reason-it is often advisable to instell machinery of greater rated 
capacity than is actually required, Such installations, however, should be 
predicated won greater ef ficiency in operation at the desired rate rather tn 
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reserve for increased future production, This amolies equally to the small 
or large nlant, Future exmansion snowld be taicen care of by additional units 
or reolacement by larger units, Wo equinment can function economically when 
pushed beyond its designed limit, 


Where production can be carried on only during certain seasons of the 
year but conswantion is continuous, tie ».lant cavacity must be considerably 
in excess of averave maricet recuirements, During the snort working season 
>roduction mist greatly axcead couswaption and the surnlus stock-piled. On 
the other hand where conswiotion ‘is intermittent but nroduction can be sarried 
on continuously, a Jiveral use of stock nilinzg enables a smaller plant to work 
continuously to sux.ly its marzet, This vermits the installation of equipment 
with a canacity limit considcerasly below pealc consumption requirements, 


Temmerea by tie rececin;; factors, the cavncity of the excavating equip- 
ment should ve sonmewnat greater tuan the determined plant capacity, The ex- 
tent of tuis summlus will denend uxon local conditions and the experience of 
the operator, Some consicer 19 sercent sufficient, while others prefer 25 
percent as a minim, 


Certain tyses of eottinnent are confined to certain structural limits of 
operation, In otuer tyoes, the limiting range is greatly extended, 


Tne power siovel has great movility but is limited to dry operation, 
It is confinec to excavation of material lying ebvove or only slightly below 
the working floor, Its ransze of overntion is limited by tne length of its 
boom and divnper stick, 


Tne dragline is slovers than the siovel in rotating and traveling sneed, 
It can diz material above its working level but ordinarily excavates material 
below that level, It dizs either froin dry >.its or below water level and has 
a greater ran-se than the slovel because of its loacer boom and because the 
buciet can be swun,; and cast to Cis be;ond tue end of the boom, 


The traveli:y: crane with a doom length similar to that of the dragline 
also has a wider rauve anc can onerate in either wet or dary denosits, It 
digs with equal facility; witnin the ranze of its reach from above or below 
its working level, 

The vower scraoer and slactzline cableway excavetor have a much greater 
horizontal and vertical ranze tunn the turee macuines mentioned, They may 
also be used in eituer wet or dry deososits and dig from above or below their 
working level, 


The clamshell Gredge is essentially a crane mounted on a floating secow, 
although a dragline usins a clanusnell bucket may be so mounted, ‘The dinper 
dredge is essentially a power snovel on a similar mounting, although the 
mechanical arrangement is necessarily cifferent, The »nump dredge and ladder 
dredge are essentially marine equinnment and are limited to excavation below 
water level, Tne four types of cred:es differ materially in their structural 
and operating limitations. They are discussec in vart III of this series, 
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_ The power shovel is not canable of transvorting material any great dis— 
tance, Shovels with long booms and divvyer sticks sometimes can transfer over- 
burden from its natural position to the excavated pit, and in this sense tue 
snovel may be a transnortation unit, Its renge of eraneter ability, nowever, 
is limited to the reach of its structural characteristics. 


The draglir.e excavator, liice the power snovel, is not a transporting unit. 
liowever, owing to its greeter reach it is used more frequently for casting 
material, such as overourcen, to one cide, The same is true of the traveling 
crane with a clamshell or orenyse-neel bucket. 

All three types therefore must ordinarily be served by some tyve of trans- 
vortation unit, Tie tyne best suited to the needs of any particular deposit 
will depend woon local conditions, and where there is an equal choice between 
two or more types the exnerience of the operator will govern, 


The power scraper or. slaclkline excavator, on tne other hand, is both an 
excavator and 2 transvortation unit within its overating range. Usually it 
is set uw to diy material in the pit and deliver it to the receiving hopper 
at the plant in cne operation., Since most cravel nits are not replenisued 
seasonally, the vower screper, like other units, ultimately reaches its limit 
of range and mast then dered upon other means of transpvortation, <All tyodes 
of haulage, equinnent availshble for. the shovel or Grazline are aiso available 
for the scraper, Unlike the shovel, dragline, and crane, a second scraper 
may be set up to relay material from the digging scraper to tne olant, This 
second unit thus becomes the transfer agent serving the first, In fact, the 
scraper itself may be utilized as the trensnortation equipment not only for 
the snovel and drasline but also for dredges, Ina few instances wnere river 
déoosits are renlenished neriodically by floods, the scraener worlts ower the 
same area year after year and needs no additional haulage ecuipment,. 


The pump dredse, as previously mentioned, may also be installed as both 
an excavator aid transvortation unit by puming dredged material direct to 
the plant, As cistance increases, however, the transfer operation becomes 
too great for the ore ge pwip, and it is suoplemented ‘by a booster pumo or 
barges. 


Clamshell, disper, and bucket dredces are not transportation units in 
tnenselves and mest be served by barzes. 


It is tis seen that there is not only a wide choice of equinment evail- 
able for the sand and gravel producer, but each wnit has a rather wide varia-~ 
tion in its capacity, oneratinz limits, and requirements, 


HAND EXCAVATION 
Considerable sand aud travel were »roduced in the early days, and still 
are in small pits, by the use of hand labor loading; horse-drawn wagons or 
dum) carts, The next development vas the use of drag scraners drawn by horses 


or itules, These were followed by tractor-drawn scrapers, wiich are used ef- 
ficiently in some »lants at the present time, 
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The "a@rac" or "slinescoop" scraner ranzes in rated size from & cubic feet 
for overatiou with one norse or mule to S and 7 cubic fset for teamyvork, Be~ 
ceuse of spillace the actual casacity of draz scoops is seldom over SO percent 
or their measured canacity, They are economical for haulage distances not 
ereater than 200 feet, Sand and g¢revel can be loaded by their use for 7 to do 
cents per cuvic yvare denending, on the length of haul, 

fresno scraoers are similar to drag scoons except that they are larger and 
have runners attached to gacilivate duming and ety ‘travel, - They. range in © 
rated capacity fron & to 18 cubic veet with about 50 percent actual overating 
capacity, Tie economic haulinz Gistance ranz‘es from 200 to S00 feet, and four 
norses or a gasoline tractor corionly are used for motive vower,- Costs range 
from 10 to 20 cents per cubic yard, A BRS Ge « ae 


‘ Wheeled scrapers are sinilar to Zresno scrayers exceot that the runners 
are-reolaced by wacels and tie scraner is eqvioved with a ».ole, They also have 
a lever by which, wnen loaded, the scraner is raised and carried.on .the wheels 
to the duo, Tuey are built in sizes rangin;; from $ to 27 cubic feet capacity, 
and because corried cleer of the ground their actual onervating capacity is 
60 to 75 vercent of their rated caracity, The wheel scraper usvally is drawn 
by a single team or tractor, With tean Naulase it is customary.to use.an extra 
snatch team or tractor while loacing, 


Taney may be used on hauls of SOO to 400 or more feet economically, Oper- 
ating costs ranze from 10 to 20 cents ver cubic eee depending uoon the haul- 
ace -distance and size of the scraoer, . 7 
+ In cemented gravel or hardpan extra teams or tractors are required to 
loosen the gravel by olovwing ahead of the scraver, This may increase produc~ 
tion. costs by as much as 50 nercent in some cases, | 


For sand and gravel production scraners are used to dig and haul the gravel 
to the transvortation equinment, which: in turn transfers it to the washing 
plant, Transnortetion equipment may be either standard gage railway or indus- 
trial cars or conveyor belts, The usual vrocedure is to build a ramp over the 
track with a hole throwh wiich the ¢ravel is durmed to the car below, Yor 
conveyor belt loading the raim is built over the receiving hopper, 


scraper excavation is limited to small »roduction in bank or dry pit de~ 
posits, It is econonicsl for termorary installations and requires a minimum 
of canital investment, Scraners also arc used rather extensively in stripping 
thin overb.rden, 


LoCLANIC AL ee KY 
By far the major oreduction of sand and reset is e: engatead by mechanical 
equinment, The following table is abstracted from the census for sand and 
gravel for 1929, Plants »sroducing less than 29,000 tons annually were not 
included in this tabulation, 
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This table indicates that over 75,C00,090 tons, or probably 50 percent 
of the country's production, as rearesentad by the Census figures for 1929, 
was produced from dry excavations, 


Anotner teole in the same vublicriion suows thet power shovels account 
for over 43,000,900 tons and Crazlines for over 25,090,000 tons, Tne designa- 
tion "dragline" in that nublication includes power scrapers and slac!-line 
cableway excavetors as well as dragzlJine ercavators,. Fron this it must be 
assumed that the oover suovel accountec for ebout 290 percent of the total 
production or 6) nercent of tie »roduction from dr; excavations, 

The owm create in the Census reoort is credited with over 42,900,090 
tons, thereby noldin a vnosition in wet excavation similar to that of the 
yover siucvel in ary work, 


It is, tnereZore, opprrent tuat trese two types cf equiomeit are the most 
popular in tneir cigs Tne dragline (including scrapers) takes secoud place 
in dvy excavation, In wet escavation the Census tables do not shot the rela- 
tive popularity of dra lines and ladder dredses, but presunably the tonnage 


produced by trem is ebout erwl, 


It is of further interest to note that the came Census report saows taat 
of the nower usec by mobive.couizment (pit e:cavating macninery) in sand and 
gravel plants 61 ne.cent vas suyrlied by stenm enzines, 22,5 percent by 
internal-combustion engines, end 16,5 nercent »y electric motors, OF interest 
in this record is the fect tart since 1929S fow gravel excavators have been 
ouilt for steam nower excort on svnecial order, As a result the ratio for 
steam pnowez> is vudowbtedly such lower at oresent,. 
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A furtner interestins comornrison trom the same Census revort is given in 
tie followin? tavdle: 


WASLS gennInstailed horse-:over in ~ravel excavators 
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type of Lastatle,. ~roduction, Tonnage produced per. 
excavator horsepover tons rated hors enower. | 
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1/ Incluces dower ‘SOLD ErB anc. slecltline cavlevay excavators. 


[I POWER SHOVEL 


Tne over snovel, arajeline, and traveling crane are commonly built on 


the same chassis, Pendomentn lly they are mucn alitxe, The difference lies 
in tne superstructiwe mounted.on the cuassis, waich sreatly distinguishes 
the tyne and ranze of operation of the three machines, a ee 


: | 
e : 

Structural liisitations,--Tie vover shovel is limited first of all to 

cry excavation, It cannot excevate miterial below water excevt from very 

snallow deotihs, | 


Tae desityu of the shovel Jinits its field to excavation of material 
above the floor on which tne shovel operates, except as it is modified to 
allow digging to a comoaratively suallor desth below this level, enabling 
such a unit to advance into a cut on a cescending grade, 


The lateral or verticel reacn of the shovel is governed by the length - 
_and angle of boom and tne length of the diover sticlz:, Each size of snovel 
can be equinned with airferent, lengtis of toom and dinper stick so that each 
size has considerebdle range, In sone siovels the boom angle can be varied 
at will, while in others the enzle is »ermanent. Since no shovel can operate 
if tne necessary Lift everted at the-extended dimer is sufficient to over- 
turn the snovel, ac: extension of the length of boom or stick and lovering 

tie boom angle ist be comensated d37 a reduction in dipper load or size 
of divper, Tus, while ove tye of snovel with a certain length of boom and 
disper stick may wield 2 2-cubic-vara dimer, it may not be safe to use more 
than a 1 1/4 or 1 1/2-cubiesvaré diaper with longer boom and stick, Since 
the rotatin; sneec. ig recucec with lonzcer booms, the extension of reach is at 
the expense of cnoecity, 


Shovels usin; electricity ps orinary inotive »ower can onerate only when 
within the reaci of »ower cavoles,., Those in which tne orimary pover is steam, 


casoline, or oll, on the othex-nand, can onerate independently under their 
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own vower. The vower shovel excavating sand and gravel usually is nut to wor:-: 
against a bank where it will have little need for movement over lon; distances, 
uravel soeed thus vecomes of minor imortance, Tis lessens the objection to 
trailing cables in suoplying electric pover, 


The movility of the power snovel is governed by the desizn of its means 
of locomotion, Early shovels were built to move only on standard- or wide-gage 
railway traciis, These were imovn as "railwey-tyoe" shovels, Many shovels of 
this type were and still are used in cuarries end gravel pits, Their operation 
is curtailed by the necessity for providing sectional track for each advance 
into the bank, Tuis requires the time and exnense of a pit crew in prevaring 
the roadbed end moving and connects ae the track sections, When stancard—gage 
track was used the stability; of the shovel was low because of the narrow base, 
and it was necessary to resort to the use of heavy arms extended from tne shove* 
frame so tnat they could be jacked to the ground on either side and tnus ine 
crease the stability by widening the sunnort. These jacks had to be loosenec 
and reset for eacn move, tius requiring more time between digging periods. 


To avoid these difficulties, railway trucks were replaced on some shovels 
by wide-tired steel wheels, The designation "traction shovel" was given to 
tais tyoe of locomotion, It enabled the shovel to move without track, but 
because of the concentration of weight on even, wide tires trouble was en- 
countered in moving over soft gromnd, To obviate this difficulty, heavy 
timber mats were employed to provide a solid roadway over which the shovel 
could be moved, Thése mats were built in sections and could be moved by the 
shovel by chaining them to the disper, This somewhat reduced the size but 
dic not entirely eliminate the pit crew. Spreading the gage of the traction 
wheels increased the stability of the shovel, and the jacks were not necessary, 
On hard bottom, such as in rock quarries, mats were not necessary. 


The modern caterpillar crawler mounting was developed further to solve 
the problem of mobility, With caterpillar crawlers the weight of the shovel 
is distributed over a much greater area and is thus reduced ver unit of areca, 
iio pit crew is needed to.move track or mats, and the machine moves over hard 
or soft ground with ease, By indevendent control of each crawler tie turning 
radius of the shovel is also greatly reduced, 

As originally built, the railway-tyne shovel covld revolve only through 

a limited arc, - The introduction of traction and crawler mountings brought 
ar then the full-revolving shovel capable of rotating 360° and digging 
from any point in Ape circle, os 


The power snovel seenated on a comparatively level floor, In the light 
and intermediate sizes. it can negotiate grades uw to 30 percent if the- condi- 
tion of the ground surface is such thet the available tractive force may be 
axolied, but for continuous operation it works best on the level, Designed 
to remove material from above its floor level, it must excavate the bank as 
it comes to it. Selective mining is difficult. This means that the suovel 
cannot leave in place those parts of the deposit which are not marketable. 
The shovel can renove them and load waste cars for disposal over the waste 
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cqump, vut they mist be removed as the snovel proceeds, If these waste areas 
are large the snovel can work around then and leeve them in place, Meny de- 
posits, however, coutain small lenses of clay or fine sand which the operator 
sould lie to avoid, In this sense tue sower shovel is not suited for selec- 
tive mining, 


Service equinment required,--The pover snovel is not in itself a haulage 
unit, Its range of transyvortation is limited to the reach of its boom and 
dipper stick, Therefore it denends woon some form of service equipment in de- 
livering the material it digs to the treatment nlant. almost any of the 
ordinary tynes oF service equioment may be used to susplement snovel oneration, 
the type selected will denend won local conrditions and the nersonal preference 
of the operator, The efficiency with which the material is removed from the 
shovel will sreatly affect tie shovel operation and consecuently the outout,. 

It is no uncommon sight to find a shovel idle because the transportation unit 
has failed temporarily in its function, Power snovels afford a continuous 
service, and to worl: with greatest efficiency they should be served by trans- 
portetion equinment affordinz a litte service, If the service unit is inter- 
mittent in its function the shovel must be idle unless the »eriod of inter 
mittency is less then the oneratings cycle of the shovel, 


As vreviously stated, the electric shovel must be sarved by a power cable, 
Power is usually brought by nermanent pole line to within a short distance of 
the shovel, Connection between mower line and shovel is ordinarily made by 
flexible armored cable dragged behind the shovel or carried on a reel oi the 
snovel superstructure or in a separate mountins near the shovel, JEach advance 
of the shovel necessitates adjustment in cable length, Witn either a dragging 
cable or reel the adjustment is usuczlly automatic for short shovel advances, 
as usually at least 1,000 feet of cable is used, Shifting the cable to another 
connection with the vower line ordinarily does not require an apvreciable loss 
of time when vroverly supervised, 


Steam and gas—- or oil-yowered shovels require attendant vehicles in sup- 
plying fuel, Coal, oil, or gasoline gsuelly are siplied to the shovel by the 
haulage unit, although sosetimes this is not ».racticaile as in the case of a 
conveyor belt used as a havlagze wit. Temoorary pipe lines ordinarily are 
laid for water sippl; to steam machines, Similar lines. sometimes are used to 
bring gasoline or fuel o11 to the shovel, 


The information snown in tables 3 and 4 has been taten from catalogs of 
various shovel manufacturers to present in condensed form the different sizes 
of snovels available and tleir minima and maxima limits of range, specifications, 
and power, - 


~Columas showing; minimum and maximum average working canacities have been 
added from table 9 for convenient reference, 


Fizure 1 illustrates the shovel working ranges referred to in table 3, 
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There mry be some confusion in the study of these tables as certain 
machines are eqiuivoed with different sizes of Gigvers for use on different 
lengths of dipser sticits end bocms, Thus a macuine jesigned for normal over- 
ation with a leyard dizoer on a siort boom and Givper stick may be furnished 
with a 3/4~yard di:mer on a lom,er boom and diomer sticks for different work- 
ing conditions, The tadles are nov ores unted witi tue idea of recommended 
sizes for sand and gravel excavation, Teir function is merely to present to 
the reader the sizes, ranres, and cover vlants wiicn are available in the open 
marizet, Detailed selection of size and raare must be left to local gondciticns 
and the mechanical details of the varticilar mecuines involved. 


Canacity.--The reted or theoretical capacity of ea power shovel cepends 
woon a nuniber of factors, anon: wiich are the size of the disper; the type 
end avplication of tne source of power; the hoisting, crowding, swinging, and 
traveling sneeds; the soeed of swing ecceleration and deceleration; the ty ve 
of mounting; and the ease of operation, 


mie actual or working capacity of any unit is affected by all of these 
items and, in a@dition, by o otners, such as weather conditions, tne height of 
the baivx, tne character cf the material to be dug, the service rendered by 
the haulage equipment, and the cfficiency of the onerator. There is no exag- 
geration in the statement that the same shovel on different classes of work, 
operatinys under different conditions and personnel, may vary as much as 500 
percent in its working capacity. 


The mechanical factors from which the theoretical cavacity is calculated 
may be controlled by selection from a wice range offered dy manufacturers, 
Divper sizes range from 3/8 to 20 cubic yards in capacity. Boom and dipper 
stick lengths also are availiable over a wide range. 


Originally novered by steem, shovels have gradually been adapted to other 
types of power; recent types include the gasoline and fuel-oil internal- 
combustion engines, the semi-Diescl or full Diesel engine, and the direct— and 
alternating-current motor. In addition, combinations of Diesel or gas engines 
with compressed air or electric motors have been supplied. 


The speed of ciovel motiox, both in digging, rotation, and travel, has 
been increased, 


Crawler or caterpillar traction has almost comletely replaced the 
original railway truck and the Inter wide traction wheel. 


Karly shovels were limited in their rotation cycle, but most of the 
recent shovels, doth in sa2ll and large sizes, are canable of a 360° SWINE e 


With mechanical improvenents the labor required to operate a modern shovel 
has greatly decreased. The early steam-operated, rnilway-tyne shovel required 
a shovel rammer, a creneman, a fireman, and a ground or vit crew to shift 
tracic as the shovel acvancec. The modern shovel is operated by one or tio men 
with much less effort. | 
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In a consideration oF tne snovel as @ working: wiit, its capacity is 
measured by the amount of miterinal 1% con dig and load in a given interval of 
time, Ctner things bein: caval, the tnuecreticnl canacity for a few minutes 
operation would be the same as the worlcing caoacity, However, tue other fac- 
tors never are equal, and the calculation or estimation of working capacities 
must take into account the influence of those vactors, The estimate of capac- 
ity in wnich the gravel cnevator is interested is that which is comouted wita 
cue consiceration to all p»yssivie Ccelay factors, To malze such a cormutation 
it is necessary to evaluute sucn aelays, Wumerous attemots have been made to 
assign tue prover multiniier for eecu tse of delay factor and by their use 
to compile a formu'a from which the worsing canacity of a shovel may be com- 
puted for a variet; of conditions. The author, however, does not feel that 
inese factors con te reduced to mathematical precision. 


A short oversting season will materially reduce the annual capacity. 
Local rains will »revent operation for cays or parts of days, 


The height of the banix will affect cavacity. It is true that bank heights 
Co not vary suddenly in a well-develoved gravel it, However, shallow banics 
cause more frequent siucvel moves, and iucreased aoving time decreases operating 
time and timus canacity. Cn the other hand, banks of excessive height often 
cause delay because of the necessity of caving the top to prevent dangerous 
slides. The economical rezjht cf any bank devends oon the size of the shovel, 
length and argle of boom, length oF cinper stick, and character of the material 
in the bank, aa 


Obviously a ban’: of cemented material or one containing a mixture of 
boulders-:and fine sané@ will be more .dan-erous when worked in high benches than 
one containing material that caves and runs freely after each bite of the 
shovel dipper. 


eg 
ps8 


the character of tue material in tue: deposit also has a direct bearing on 
the suovel capacity. Sand and gravel containing beds of cenented material or 
hardpan require much more power in the crowding’ ‘and choisting motions of tne 
shovel, These motions necessarily are slowed up in sucn material, thus redcuc- 
ings capacity. The presence of boulders about the size of the divper or larger 
also cuts down canacity as they must ve moved to one side out of the shovel's 
Waye ‘nis requires time, 


The type of service equioment used has a very ajortant bearing on snovel 
capacity. If locomotives and cars are used the larger the car the less delay 
there will be for the shovel, Trains rust be moved to spot cars within reach 
of the shovel, If they. cannot be: moved while -the s.iovel is loading its divcper 
it must lose time in waiting. At many »laces the length of neul from shovel 
to plant is such that witn one Poconoteye in use the shovel would be idle 50 
percent or more of its time waiting for cars, Even where more tuan one loco- 
motive and train are used tiie evel is commonly subject to delays from this 
cause, The field belt conveyor with vortable honver ‘provides almost contin- 
uous service for the shovel but cannot be used under all conditions. Frequent 
advances of the shovel itself mean corres soonding shifting ofthe hoover or con- 
veyor belt, or both, Next to the weatner, transportation equipment is probadly 
most resnonsible for shovel deley, 
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A further factor affecting the shovel capacity is the excavation method 
itself, Bank or pit deposits usually are developed so that the shovel can 
load to one side and thus dig and load through an overating swings ranging from 
45° to 1359, or an average of 909, In tnorougiucut develooment the shovel 
usually must load cars snotted bdenind it which requires an operating swing of 
more than 1350, At times empty cars are spotted on top of the bank. The | 
shovel must then elevate its load above the disging- position to reach the car. 
Obviously the position of the car to be loaded will affect the. loading time 
and hence the shovel capacity. 

The last but by no means the least imortant factor is the efficiency of 
the operator, No snovel can dig gravel by itself, Its every motion is con- 
trolled by the man at the levers, The efficiency of this control depends won - 
the human equation and the mecnanical construction, The shovel will respond 
only to the irroulse started at the controls, If the operator is experienced, 
alert, and fast, the shovel will resnond accordinzly, In this respect ease of 
manivulation due to mechanical construction, through its influence on the 
operator, affects the work of the shovel, If the location of the controls is 
such that it is difficult for the operator to see the dinper at all times or at 
any voint of its swing hie efficiency is cut dom and likewise that of the. 
shovel, The capacity of a given shovel operating under industrial conditions 
may be 100 percent greater in the hands of one operator than in that of a less 
skillful man, 


_ A. E. Holcomb, in an article entitled "Output Factor for Excavation 
Eauivment," »nublished in the October 1930 issue of Civil Engineering, dis- 
cussed the variation in shovel capacity due to diverse conditions, He gives 
certain tables, multivliers, and formulas for cormuting capacity and closes 
by saying, "The results obtained with the mechanical excavation and handling 
of materials should be reasonably in accord withthe foregoing estimates 
(capacities) if no contingency prevents." The trouble is that almost invari- 
ably some contingency arises to »vrevent theoretical cavacity based on formulas, 


Various other authorities have constructed mathematical formulas to guide 
the operator in judging the cavacity of shovels, but in each case some such 
amending statement is added, 


- For examole, using Holcomb'!s calculation, a shovel equinped with a l- 
cubic-yard dinner loading gravel to cars spotted on the side from a bank of 
the most economical height and with a rotating sveed of 4 r.o.m., a hoisting 
sneed (2-nart line) of 80 feet per minute, a crowding sneed of 110 feet. per 
‘Minute, operating without delays and with each divper filled, would theoretical-— 
ly load 3 cubic yards per minute or 1,440 cubic yards per 68-hour day, The 
author does not wish to imly that such capacity cannot be attained for a 
short time and possibly for the full 8 hours, However, he has never seen it 
done and is quite sure it could not be mnrintained day after day as Holcomb 
himself points out. — | 
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In 1929 the author published tne following daniel cnewine the production 
rates of different typss of shovels onerating in stone querries. ‘The figures 
include all delays of whatever nature end represent continuous production over 
several months. 


uarries, 1927 


TABLE Den—Power-s shovel auty at 41 limestone 


: Shevel duty, tons loaded 
deily per cubic yard of 


; 
{ 
| 


Shevel __ Tyne bucict capacity. 
Steam eee | heilw AY 290 
DO eee | Eee aeOt Len “06 
DO. «wee 8° 4 Caterpiller PA 
Electric 2 Silay. bo Zo 3E8 
DO eee : Caternillar | 476 

‘ ! 


If the last figure of 476 tons is used for electric caterpillar shkcevels 
and doubled to conform with gravel ‘digging rather thun guarry operation, ©52 
tons is the daily production. This would represent 554 cubic yards or only 
44 percent of tne theoretical capacitye The actual capacity in gravel might 
be somewhat above this because there. would be ereater prcbarility of fully 
loading the dinver eat each attempt than with quarry stone. A production of 
624 cubic yards woul’ te 1,52 cubic yards per minute based on an 8-hour day 
instead of the 3 dippers from the calculation cited. Possibly this could te 
inereased to and naintained at 1.5 dippers per minute or 7&(" cubic yards per 
8 hourse On the other hand, a snovel working in cemented gravel encounters 
conditions similar to querry-rock work, and the rate might be ety reduced 


a ° 


under those conditions. | ‘ 


The point the author wishes to make is tnat delays under actual operating 
conditions affect production so greatly as entirely t% eclipse the accuracy 
of mathematical calculations. 


For actual working capacities of power sievels for sand and gravel excava- 
tion, the author has found the rest satisfactory estimate is cne helf the 
theoretical capacitye 


There are various ways of computing the theoretical capacity for a shovele 
The author founc the poeta ae thod is simple. and easy to applye 


Theoretical capacity is a function of the size of the dipper and the.time 
required to complete the shovel cycle throu: losding, swinging, dumping, and 
returning to the digzing positions. The Gipper capacity is fixed by size. 
Dipper capacities computed from heaped measurements are unsatisfactory because 
cf the difference in une excess over struck measurement in different kinds of 


pravele 


5/ Thoenen, Je Re, Study of Guarry Costs: hepte of investigations ecll, 
Bureau of ‘iines, 1929, 12 ppe 
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Tne swing and return time is calculrted fron the rotatin: sveed of the . 
shovel, civing dve consideration ts ecceleratin: and deceloratin: ability, 
and the average anzle of swing, Shovel onerations consist of four motions; 
crowding, hoisting, swinging, and rac:tiny in, Cromding, hoisting, and swing- 
ins can bs performed simultaneously as cen swinging:, lowering, and racking in, 
In sand and gravel excavation the baniz heizht is such that in inost cases when 
the shovel has finished loading the Gixxer Dy crowcing and noisting, or all 
three motions, the Cinxoer will be nearly wo to its Gumping height. In any 
case tne remaining Laisting Gisvance can te attained in finishine the swing, 
Therefore crowding and hoistirs soeecs ere not considered in comput ing swing- 
ing and return time, Likewise, acceleration md deceleration of swing are 
omitted in the celculation tecauss they occaw Caring: loading and dumping time 
and are covered in that ca aloulation. 


The loading end dumping time is token arbitrarily as the averace of several 
thousand time studies by the author ant. others under various working conditions, 


Tie United States Bureau of Puillic Roeds has mede time studies of shovel 
onerevions under field conditions for uo numer of, years, The results snown in 
tc.ble 4 have been »abstrected from tnose stvdie 3 fl 


vA3L5 6.--Time of snovell/ cycles, in seconds 


nee eee ee eee 7 ee aaa ET Fe NT es NS _——— Oe ——e - 


Anszle or SWita!y —BN° to 2700 Load | Swing ie Dum Return 
eet ee a eth aa On ee dali eee Oa pid llcomtbes 
‘ { 
, | 
Minimum average, 11,154 observations G64 | 4,5 | Zeol 402 
Maxim averase, 11,124 ooservations | 12.8 =| 6.3 4: e4 76 
Angle of swing, 99° or less | | 
Minimun average, 6,910 observations | 8.9 | 5,9 me 3.8 
Maximum average, 6,910 ouservations ! 13.6 =| 4,6 30 Dd 
| 


' 
ee a Oe ee meee es em em eee eee ee ee er re ens oo ee ee ee - - 


1/ 3/8- to 1 L/: 1/2 See eer snovels, 


Assuming the ministum and maximm of tuese results as typical of the range 
ox suovel time cycles, table 7 nas been or 


TABLG ‘7 --nane of snovel cycles, in seconds 


A A A A a NN NER et 


| | —_ f | 


Load Swing 2 Dump | Return Total cycle 
| ) 
‘Minimum | 8,9 i: ne 2.8 18.7 
ae | ts a | 
Moxlamm | Ei~6 ype , eh 7-0 Booed 


eee + ceeepren e+ een Listen Sipser he foetes eae me + eee we - et ee | ce ee re ee ee a a ee ne ~ eee eee em ee we ane © ewer es © ame. -«: 


oe ee eee ee. Orne es on em Same ee. a ee oe eee ee ee 


6/ 6/ Allen, Te Wes and ‘Ancerson, 4, Pes Power-Snovel ‘Operation i in Highway Grading: 
Bureau of Public Roads, Dent. of Agriculture, Public Roads, vol. 8, no, 12, 
February 1928, ». 251. 
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Theoretical swint anc return times for indivicual shovels have been cal- 
culated by the autor on ths tosis of rotating speed as given in manufacturers! 


catalogs in the followin: manner, | | 7 


Sice loading with an averae svinc of 90° a shovel will average 180° to 
commlete the cycle, If its rotating soved is 4 reoem,. the time of avercge 
swing and return motions may be criculated as follows? | . 

62 seeoids, fies 7° 


eo me ee ee 8 


9699 pe a@S “. rs oe) eae 


- 7,5 seconds, 


Menufacturers! catalocs show 5/3~ to 1 1/2-cubic-yard shovels naving — 
rotating eneeds of € to O6T.pen, wy calculation the combined swing end return 
. times for an averayie 99° swinz would be 5 to 10 seconds, This range compares 
with tue mininun of 7.7 seconds aid the maximum of 15.3 secands in tadle 7, 
ine times svinz cycles are thus fornd to be apout 65 percent slower than tne 
tneoretical ones, Thiis is undoubted]; cue to the time required for eccelera~ 


tion und deceleration, 


Toole 8 has been cored to show tne thsoretical cycle of various snevels 
based on thoir given rotetiug coeed ond assuming the minimum end maximum load 
-ingz and dumoing time of teble 7, 11,0 sid 18.0 seconds, 


Given the theoretical ninitnun and maximum cycla time for yarious rotating 
soeeds as cormuted in table &, tie thesreticel shovel capacity may be esti~ 
mated in cudic yards per how as follows: 


mae le ae oo nee 


2,609 seconds ere Cijgner croecity in cubic yards, 
oa | z ’ 


— ES. +2 oe ee ee 


Thus a shovel with a 2=-cubiceyard Cioper and a rotating. sveed of 3 r.ep.m. 
would have a theoretical capacity ranulin: rro.i “O7 to 340 cudic yards per hour, 


Power shovels equinned with dinoers of the same size but made by aifferent 
manufacturers are snovn by catalots to have different rotating speeds, A 
study of the catalogs of a mumber of manufacturers gives tue minimum and mexi- 
rum rotating sveeds for caci Ginoer siz2, as shown in table 9, 


Hroa these rotating sveeds and ti:e time cycles of table 8, the theoretical 
and working capacity ranses of various suovels has been estimated in table 5, 


a Pp) 
we 
| 
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TABLS 8.—-—Theoretical time recuired for vower~-snovel cycles (seconds): 
heverage syingy 90° 4 | 


SSS ee EES CNS SR OR GEE EEE EEE Ee 
e 


I 


: legs : Commlete cycle 
speed of snevel Swing and * 


ee ee ee 


Potnaulony. sous return | fetes | ieains 
ac ea ee oe ei = ge EAE at Sai Rays Beare Seats acai aaah 
\ 

0.5 CO.0 | 71.0 | 78.0 
08 7 B75 43 5 | 5o%2 
29 | 33 4% 44,3 | 51.3 

1.0 | 5 Oz ! 41.0 | 48 0 

1.1 | ya | 38 4% | 45,3 

1,5 | Sin 31.0 | 33 20 

1.455 18.2 | 29.2 36,2 

1.8 16.7 | PT | 34,7 

26 | 15.0 26,0 : 23 0 

2.5 | 12.0 | 23.0 | B00 

2.75 “866 ! 21.9 : 28 9 

S20 1020 | 21.0 | 28.0 

1 9,7 | 20,7 27,7 

3.2 9.4 20 4 | 27 4 

3.25 O42 20.2. 27,2 

ci | 8.6 | 19,6 | 26 .6 

3.6 6.3 | 19.3 26.3 

3.75 | & 40 | 19,0 26.0 

4.0 75 | 18 5 25,5 

4.1 72 | 18.3 25.3 

4.25 | 7.1 18.1 25.1 

4.3 | 7.0 | 18,0 25.0 

4.5 | 6,7 | 17.7 24,7 

4,75 | ee ie wes 24,3 

5.0 : 6.0 | 1760 24.0 

5.25 | 5.7 : 16.7 23.7 

5.5 | 5.5 | 16,5 23,5 

6.0 | 5,0 | 16,0 23 0 


Oe | ee ee on ee re ee 


1/ Load and dump tine, 11,0 to 18.0 seconds (assumed from table 7). 
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TABLE 9,-~-Estimated theoreticrl ranse of snovel capacity 


—— wom we. ee 0 ee + 


~~ Sheoretical _ 
ee Rotating s need, | ennacity, cubic Capacity in tons per hour 
size, PeDeMe | TAS or hour _ ipa cee : 
cubic 7 : Theoretical | Working 2/ 
yards | Mininum | Mov ismm | binine rm, Maxim Einimum | Ma Maximum | Minimum | Maximum 
3/8| 4,0 55 | bs. 83 7 | 
1/2! 3,5 6,0 | 68 | 115 99 
3/4} 3.8 5.25 | loz | 162 148 
1 3.1 | 5.5 | iso! = 248 189 
11/4} 3.0 4.56 | 161 ! 254 233 
11/2] 3.0 a. | 198 27 + — 280 
1 3/4] 3,0 5.5 225 377 | 326 
2 3 0 4,1 257 393 373 
21/2} 2,75 3 92 311 | 44) 451 
3 2.75 Sec 374 | 530 _] °° 542 
3 1/2| 2,8 2.5 365 | 548 526 
| 
4 1.8 2.75 ALS | 654 60; 
5 260 464 | 783° 673 
| lc 
6 2.5 568 | 9940 ° 824 
8 1.5 562 | 950 815 
10 1.5 702 1,160 1,018 
12 1.5 776 | 1,394. | 1,125 
14 1.5 905 | 1,625 | 1,312 
| | 
16 1,5 1,034 | 1,860 1,500 
20 1.65 14250 : 2,457 | 1,810 
} 
ok 


l/ Sand and gravel estimated to range from 2,990 to 3; 240 34240 pounds yer cubic yard. 

2/ Assumed as one half theoretical capacity, This drastic reduction from 
theoretical capacity is designed to account for delays of any nature and 
at the same time to avoid detailed and exact calculations involving the 
relation of accelerating and decelerating ability in machines of different 
size and design toon the time of the shovel cycle, Thus reasonable 
accuracy is obtained by simple calculation without a technical discussion 
of the effect of different mechanical details, 


1799 | Oe 


Google 


T.C. 6798 
THE DRAGLINE EXCAVATOR 


The term "dragsline" as comionly used in describing excavating macninery 
unfortunately has been corrasted to include three tynes of excavators. These 
are tne dragline excavator to wnich the term annlies correctly, the power 
scraper, and tne slacitline cableway excavetor, Tie error is understandable 
in that all three srecnines load their buccets by dragging tiuem over the ground, 


“xcept for tnis one feature in comaon, however, there is no similarity of oper- 
ation. | 


The.drasline excavator resembles © »novrer shovel in tnat it is commonly 
mounted on the same tyne of chassis, The suoerstructure of both dragline and 
shovel consists of a nousing for the vower olant and a boom, They differ in 
that the dragline has no di»per sticx, 


Like the shovel, the dragline is self-contained without accessory equip 
ment other than the transportation unit which serves it, 


The power scraner and slacizline cableway excavator on the otner hand are 
cual units consisting of a head mast and tail anchorage mounted on separate. 
bases but connected by one or more cables, Hither head mast or tail anchorage, 
or bot. may be mounted on a movable chassis, but usually both are stationary, 


The similarity of the dragline to the shovel ends with its chassis, 
housing, and boom, In fuct, it is probably erroneous to include the boom as a 
similar element. Like tne shovel, the. .dragline is available in many sizes 
end structural ranges, but its boom is lonzer, of different construction, and 
serves a somewhat different »urvose tian that on the snovel, 


OQneration of the dragline differs radically from that of the shovel, 
Whereas the shovel removes a horizontal slice from the deposit by individual 
bites of the disper moving in a vertical »vlane, the dragline removes either 
horizontal or inclined slices by dragsine tne bucket through inclined or 
horizontal cuts, The shovel onerates by ousning its dinner into the foot of 
the bank and lifting it throvgn the gravel, The drazline drops its bucket 
on the ton of the vank and drags it along the surface to fill it. Thus one 
pushes and lifts its dioper while the otner drags and lifts its bucket, 


The function of the shovel boom is to »nrovide a mowiting for the dipper 
stick which in turn provides the means by which the dinner is actuated in a 
vertical plane. The comoination of horizontal radial motion of the boom and 
vertical racial motion of the dinvxer stick »ermits great flexibility and 
control within tne structural Jimits of tne machine, The dragline boom acts 
as a radial arm, the only function of which is to permit the operator to hoist 
the bucket and swins: it horizontally, 


The drag cable to a certain extent taxes the nlace of the cipver stick, 
Woaen swung and placed in position for diving, the drag cable nulls the bucket 
toward the machine thus cutting a vatu turough the material and filling itself, 
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In sand and gravel excavation the drazline boom must ve weld stationary 
while the bucicet is beinz loadee, Like the shovel, however, tlie bucizet can 
be hoisted ai:d tiie boom Swng | eT een Tie buclzet can also be lowered 
while swiuging, 


Tne difference in tne Lloadine motions of the shovel and cragline provides 
the basis for a radically aifferent metiod of excuvition, Tne dragline over- 
ates from a position on tov of tue doris to be cug end often from on top of the 
overburden overlying the csoosit, It rcetreets aneai of the advancing end cut 
or proceecs parallel to a side cu10, 


Fron the vantage point of its socsition on the ground surface it can dig 
material fror velow the ground water level witlout having first to drain the 
OLte 


From this position it can elso wenove the overourden from the gravel, 
tuen remove tne gravel below without chunzing its position, A further acvan- 
tase due to tnis position of the maci::ine is its ability to revolve the boom 
tnroush 130° and by shallow cats »rosmect the sround ahead of tne acvancing 
cut, If barren sround is encountered it can »e moved over the spot and can 
excavate beyond it with little inconvenience s.r loss of time, Thus 2 certéin 
anount of selective mining can be doze by the dragline, 


This oosition of the cresline on the wround surface is considered disad- 
vantazeous by some writers because oi the difficult; of moving such a heavy 
piece of machiuery over a rougn surfe.ce, The eet serene however , 
shows this difficulty to be of minor imortance becouse the drasline in nearly 
all cases can reverse itself and prrevare its own onan: 


Drarlines commonly are mounted wrou catermillar truccs, but often a skid~ 
and=roller tyoe of mounting is used, ai. nue manufacturer »rovides locomotion 
by enabling tne maiciine literally to lizt and move itself bodily by successive 
steps, Wide traction wheels are selcoa used vecause of the difficulty of 
operating them over the sort -naterial usually found on tne surface, 


the sirid-and-roller t:ne is mounted ugon a wide, flat metal or wooden 
bise resting on wooden or metal roliess which move over timber mats placed 
on the ground, Motion is obtained by anchoring the bDucitet and pulling tae 
machine towards it. | 


“ne other tyoe is ‘mown as-.3 walling dragline, It nas a circular base 
restlug directly on the ground surface, Tie area is suificient to vrovide 
a stable foundution even in sott vround, This‘b-se remains stationary while 
the dragline revolves wocn it, A hecvy steel shaft runs throvga the dragline 
ab rignt angles to tie lony axis of the boom. This shaft extends outside tne 
nousing and on each end has 2 structural steel "fcot" built in the shape of a 
flat-bottomed boat, Thsse feet are attacned eccentrically to the snaft and 
are susmendec in the eir, and taezy revolve with the wachiie while digsing. 
Wnen it is desired to move the dragline the boom is swung in the onposite di- 
rection and tne large central shaft is revolved, This brings tue feet in con- 
tact with the ground, and with tiem as a fulcrum the machine literally »icks 
itself Ww aac moves bac:qvard as tne snaft revolves 
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Wiatever the mumting, draclines are so co:structed that they can revolve 


throven a full 3€0° anc Gig from any cnole. 


Although a fev draslines are povured by steam, the great majority use 
eesoline or oil as frol or sre Vitted witn electric motors, Both semi~Diesel 
and full Diesel engines are enployedc,. 


mxcent in extremely larce units,only to men are reouired to overate a 
drarline, and ordinsrily only one is icecossary,. 


Structural limitations.--Tie dra-line is so constructed that it operates 
fron the surface of the gronmnd in most cases, “he only vnart of tre maciine 
vnich actually enters the excavation area is the dissing bucket and its control 
sables, As a result, it can te used wit equal facility in Gigging from a ary 
vit or from below the surface of srowid water in a wet pit, 


Although the design or the Graglice facilitates its oneration in excavating 
from ovelow the level on which the meciine rests, it cen Gig material above this 
level, Excavation from a higher level is Llinited to a height equal to the 
buexet clearance when swung from the end of the boom, lUowever, the dragline 
would ve out of the question for continuous operation avove the level on which 
the machine rasts as, 2ue to the nature of excavation, dirt is vushed ahead of 
the tucket end nileG wo around the machine, ani if it attemnted to dig at a 
level above that on which it sits the isncuine would soon be buried by material 
nulled in ahead of the bucicet, Draglines are not used to excavate banks higher 


shan the vertical reach of the machine, 


Tie lateral or norizontal reach of the dragline is governed oy the length 
and angle of the boom, As tue anzle of the boom is lowered the horizontal 
distancs the buciet can be siunz increases, and vice versa, Dragline buckets 
ere hun; from the boom by steel cavles, and such connection permits a skilful 
operator to use the eentrifuzal force obtained in swinging: to cast the bucket 
beyond the end of the boom, Tnis e::cess reaci veries considerably with the 
eight of the boom »oint and consequent lenzth of cable, the speed of rotation, 
the weight of tne dueket, anc the sill of tue operetor, Manufrecturers usually 
estimate it at one third to one half tne dumning height, The ability to cast 
the bucket is used to dig: bezond the end of the boom and to cast the buclet!'s 
contents at a greater distance when during on waste or stock niles. Obviously, 
it cannot be used wnen loading liuwlage equinment, It may be well to voint out 
nere that wien the boom is raisec to 2 hivh »itch angle tne bucket can be cast 
zartnex berond the noint of the boom cue to the longer length of the hoist 
cadle and nendulwn action at the greater sitch ansle, But as the boom is peaked 
ww the radius of the boom soint Gecre:ses, anc tue azerezate of radius plus dis- 
tance to wnich the vuciet can be cast cecreases as the pitch angle of the boom 
is lucreased, so that nothing is gained by neaking the boom, ‘or ordinary 
operation the best oitch anzle will ranze from 30° to 37°, 


tie vertical denth to wiicnu a drazline can dig is limited by the length 
of the boom, the angle of renose of tue -raterial dug, and the length of the 
hoist cable, As ordinarily furiisned, the cable length will vermit a single 
vranoing on the hoist drum, Where excavation is required at excessive depths 
lon,zser cadles are furnisaed, and either lonzer drwus are provided or the cable 
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is permitted to wind in two layers. The de»th of cut is also governed by the 
yroximity of the machine to the edyze of the cut, Deener cuts can be made in 
easily aug material tnan in sticiy clay, for instance, lioreover, cuts made 
trom the side ave i swallower than tnose made fron tne enc, 


Tne height at whicn the dresline can. dum material is governed by the 
length and angle of tne boom, 


The dragline boom is lonses tnan bast on a pover snovel of similar char- 
acteristics, Tnis exvendsi bDourn oresents oroblems in stability -vyhich are at 
times more serious than those wita nove > snovels, The @razline boom angle 
can be varied at tne will. of the moraean: Also the same. dragline may be 
fitted with different lengtns of Doom, As the boom is lengthened or the angle 
decreased, the center of weig;int of the buclzet is extended, hence the force 
tending to overturn.the Cragline is increased, Therefore flatter angles or. 
louger booms recuire lighter buckets and loads, In the vast this tendency 
é€o overturn has been cowiteracted by vlacing heavy weights on tne ovposite end 
of tne dragline, Such extra weizht for counterbalancing may take care of the 

overturning of & load, but it does not relieve tiie additional stresses imposed 
in all members due to overload. lLodern machines are desizmed for the vest 
combination of bucket and load, doom and length, and range of boom angles for 


the specific unit, The combined effect of any chenges in these limits should 
be studied carefully before being mace » 


A lengthened boom or flattened boom angle with its attendant increased 
distance of the center of weight of the bucket from tue center of rotation 
also retards the pecelerauins ani decelerating ability of the machine, There— 
fore, tue advantaze gained by a lengthened overating reach is at tne expense 
of stability anda rota ting speed, unless a smaller bucket is used. In any 
case, extension of reach on a specific machine results in reduced operating 


capacity. 


Draglines ordinarily are mounted on caterpillar trucks, although the 
siid and roller tyne as well as tne walking draglines are also @ vailable, 


The skid end roller mounting requires a pit crew in addition to the 
operator whenever tie macnine must De moved, The caternillar mounting pro- 
vides for turning at varying radii lengths denending won ‘the metaod of drive 
installed by the manufacturers 


The walking type is so constructed that it can make an immediate change 
in direction at any angle without recourse to a curved path, 


Hither type of mounting as ordinarily furnished nas amole bearing surface 
per unit of weight to vezrmit its movement and operation over ordinary surface 
soil, For excentionally soft ground extra wide treads are available for side 
digging and e::ttra long treads for end digrinz. 


Primary pvewer for draglines maz be electricit:’, gasoline, oil, or steam, 
although the use of steam s:0ver is being swoerseded by one of the other types, 
vraglines using electricity os .rimary motive »vower can onerete only when 
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within reach of nower cables, Those in which the primary nower is steam, gaso- 
line, or oil, on the other hend, can overate indenendently under their own 
power, Draglines excavating sand and «ravel usually have little need for move— 
ment over long distances, hence travel soeed becomes of minor importance. 

In the preceding varagrash reference was mode to primary power, Some in- 
stallations provide a combination of .over in which the primary unit is driven 
by alternating current anc which in turn drives a direct current generator 
furnishing current for the overating saotors, In others the primary power is a 
semi-Diesel or full Diesel engine driving an electric generator to furnish cur- 
rent for the motors, Another combination is a Diesel engine for the primary 
power unit which drives an air comoressor, which in turn suoplies compressed 
air to the operating engines, Each tyne of primary nower or power combination 
nas its supporters, but the advantages or disadvantazes of either are not with- 
in the scope of this paver, 


The dragline onerates from the surface of the ground, ‘Therefore, where 
the surface is rough or hilly, it must be able to rotate tne superstructure 
180° or more to vrenare a pathway where necessary, Draglines can negotiate 
grades up to 30 nercent wnere the condition of the ground surface is such that 
the available tractive force may be annlied, but during excavation they operate 
from a level base, Desizned to remove material from below its floor level, 
the dragline advances as excavation proceeds from the side or’ retreats as ex~ 
cavation advances fron the end, By passing over barren patches and leaving 
them in place, it cnn exercise considerable selectivity in mining, 


Service equipment required.—The drngline is not in itself a transportation 
unit, altoough in certain excavation jobs one dragline may dig and a second 
transfer the dug material from the first vnit to the dum, This is not the 
practice in sand and sravel operation, hovever. In such excavation, its range 
of transportation is limited by the length of its boom. However, where the 
drazline is used to strin overburden and cast it to the oxcavated pit, it then 
becomes a transportation as well as an excavation wnit. Because of its longer 
reach it is more frequently used for this ».urpose thanttne power shovel, In 
fact, in strivping a dvagline has freaueatly renlaced a vower shovel and its 
complement of locomotive and cars, 


In gravel excavation, however, tue dragline :mst depend uwoon some other 
unit for haulage service, Because of tne uneven surface, conveyor belts are 
seldom used to serve draglines, Autotrucks and locomotives and cars are the 
tyves used most frequently, Like »owcr shovels, draglines provide a continuous 
service, and to wori: at greatest efficiency they should be served by transpor— 
tation equiprent efiording a like service, However, where a dragline is en- 
gaged in removing the overcurcen ana underlying gravel in a single cut simul- 
taneously, it may texe advantae of delays due to haulage equipment and strin 
overburden during the absence of cars or trucks, Of course, the »nroductive 
capacity of the dra:line is reduced by the time required to strip. 


Draglines witn nrimary electric mower are served through flexible armored 
cables, the slack of which is allowed to crag over the ground or is coiled on 
reels, Wile each advance of the draj;line requires an adjustment of cable 


length, ordinarily this does not require an appreciable loss of time when 
~roperly supervised, 
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Steam-, gas~, or sil-porered draglines require attendant vehicles to 
supply fuel and wator. Ccel, cil, or eascline usually are supplied by the 
haulége unit. Portable vine lliies are sometimes laid to supvply water or 
liquid fuel. 


The information shovwm in teatles 10 and 11 has been teken from catalogs 
of various dragline manufac. ~ers to nresent in condensed form the different 
sizes of draglines eveilatie, tisir canasities (as conied from table 13), 
and their minima and mxina iimits of cverating ranee, weights,.and power 
vlants. a ca 


Figure 2 illustrates the dragline working ranges referred to in table 10, 


In condensed tables such as these, some confusion may arise owing to . 
the fact that a dragline:designed to cperate one size of bucket with a 
corresnonding boom: length may also use a'smaller or larger bucket with 
equivalent long or shorter booms. The tables are not oresented to show 
recommended sizes for sand dnd gravel excavation. Their function is to show 
the reader the sizes, operating ranges, weights, and power plants which are 
available in the market. Dcetsiled selection of size and range must be left 
to fit local conditions and tne mechanical details of the varticular machine 


involved. 
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Capacity .--The rated or theoretical canacity of ea dragline excavator de- 
pencs upon the weight, design, and size of the bucket, the tyne and apolica-~ 
tion of the source of power, tne ioist, swing and drag sveeds, tne accelerat- 
ing and decelerating ability, the tyne of mounting, «nd the ense of overation, 


The actual or working caoacity is orfected by 211 of these clements as 
well as others, sucn as the co::cition of the »sround surface, wet cr dry 
digging, whether the machine must striv as well as dig gravel, the character 
of the material to be dug, the re.ation of bucltet size and weight to boom 
length, the service rendered bz tue nauleze unit, and the efficiency of the 
operator, | 


1€ variation in the working canacity of a sine dragline operating 
under different conditions end personnel is probably as great as that witn the 


power snovel, 


The work king capacity of a cragline is measured by the quantity of material 
it can dig and load in a given time. Other things bein;: equal, its theoretical 
canacity for a few minutes of oneration would be the same as its working 
eapacity, out as in the case of the power shovel the otner factors are never 
equal, and the calculation or estimation of working cavacities must take into 
account the influence of those factors, The estimate of capacity in which the 
gravel operator is interested is that w.:ich is commuted with due consideration 
to all possible delays. To make such a calculation it is necessary to evaluate 
such delays, In the author's opinion, it is impossible to reduce such evalua- 
tions to mathematical precision with respect to dragline operation, 


Seasonal and local weather conditions will curtail annual capacity, The 
depth of the bank will arfect capacity, A tnick barn will permit more time 
for excavation with less tine lost in moving the dragline, Where the dragline 
removes overburden as well as Gigs gravel, the amowit of character of the over- 
burden, as well as the method of disposal, will affect the digging time of the 
machine. Draglines are vowerful machine's and can tnemselves remove vegetation 
from the surface if it is not too large. Wiiere large trees ar stumps are en- 
countered, the crajsline can be used to wull tiem, but it is usually cneaper 
to remove them by other means, <A stiff clay overburden will require more of 
the dragline's time in stri-oing than a light loam of the same thickness, 
Likewise, a boulder=strewn surface will take more time, When such conditions 
become excessive it is more economical to use separate machines for strivping 
and digging gravel, | | 


The depth below the machine's working level from which gravel is recovered 
will affect the working cavacity somewhat, since the greater the depth. the more 
time is required to lower ond hoist the bucket. 


Since the buceet. may be lowered and. unisted while swinging, this delay 
may be of minor or negligible imoortance, However, wnen the dragline is dicgzing 
from excessive denths in wet pits, tue eae res. important. 

A bank of cemented eravel or one containing boulders embedded in fine 
same or gravel will require siore cigzin* time and hence reduce capacity, Tunis 


On 


1799 sD: 


Google 


I.C,. 6798 


condition often becomes serious waen the material lies below water level, In 
vet excavation, constant agitation by tne digging bucket roils the water, and 
she operator cannot see the bucicet while diszging, Thus, from one cause or 
another, the bucket may travel reveatecly over the same traci, This results 
in an irregular pit bottoa of alternate ditches and ridges, If tnere is an 
excess of boulders present ther will collect in these ditches, Under such 
conditions tne buccet often slides over the roliinz boulders for some dis~ 
tance before finding: an onportuity to dig, the loacing time is extended, and 
capacity is reauced, 


In dry excavation the «revel dexsocit may contain lenses of damp, sticity 
Clay, As the bucket is drawn tirouga a coxsiderable resistance is encountered 
by increased side and bottom friction, This slows uo the di¢sing cycle or in- 
creases the »ower requirements, Such conaitionus, when encountered in wet pits, 
may greatly increase this difficulty by increasing the suction wiica resists 
the lifting of the tucket, 


Tue ability of the drazline to penetrate and diz ,ravel cevends uoon the 
cesign and weizsnt of the bucket and the »nover benind the Crarc cable, Unlike 
tne shovel, the creyline has no means of forcin: the bucket into the bank, 
Thus a heavily cemented sravel will recuire oa hecevier bucket of radically 
different design than is revuired Zor » loose sand denosit, Therefore, unless 
the bucket is proverly cesigned for the local conditions, either capacity will 
be reduced or a needless exme:diture of power will result, In any case, 
cemented material will recuire tore time and reduce the drazsline capacity, 


Tne tyne of huzlaze equizorent servicing the dragline, es well as the 
power snovel, has an ismortant vearin: won its capacity, Where the dragline 
performs the double duty of strivsir: end digging gravel, delays of transporta~ 
tion equinment are not so serious, since the dragline can strip during the ab- 
sence of nau'age equioment, This,of course, ayolies only wnere tue overburden 
can be cast to weste and does not heve to be loaded into uaulave equipment like 
the gravel, Where the dragline is ensssed in digzing only it depends entirely 
upon the haulage eqyrinment for continueus overation, If tae haulage unit is a 
locomotive and cars, the larwer the cars the greater will be the canacity of 
the dragline, es tie bucket need not be so accurately snottec for duaming with 
a larger car and tne draz;sline time cycle is thus reduced, The field belt con 
veyor is seldom usec to serve craglines vecaiuse it would be necessary to oner= 
ate it over the natural surf:.ce of the sround, Tris is selcom as level as the 
vworlzin= level left benind the »ovwer shovel, 


In some excavation worts the tr-nsnortin: unit for tne dizzing dragline is 
m2 second drazline, but this concition sclaom is feasible in gravel excavation, 


The lay-out of tne excavation vlan will also affect tne capacity of the 
drasline, The eitfect, however, ciffers rrom tnat on the nover shovel, Yor 
instance, the dragzline can excavate a tuorowsheut with as sich facility as a 
benca cut, Since the transoortation mit is always on the surface it is un- 
NCO SS ary to increase the drazline swing circle to more than a 90° avernge as 
vould be necessary wits. a pover shovel, The relative elevation of dragline ana 
naulage equioment remains coustant; hence tue onerator can adjust swing and 
noist onerations to a ininimum cycle, 7 
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The efficiency of the drazline onerator has a decided efrect on the 
capacity of the machine, The long boom of the draz,line, combined with the 
pendular swing of the loaded bucket, requires time to snot it accurately for 
cumping. Likewise, ‘the same elements recuire time to snot the bucket at the 
required point for digging, A skillful operator will take advantage of the 
swing of the bucket and time tne dum to coordinate with it, vthile a less 
skillful man will have trouble An: exoerienced operator usually can dis- 
tinguish by the pull of the ane cadle wien his bucitet is full and thus. 
start hoisting without unnecessary loss of time in dracging a full bucket, 

Teither does he lose time in hoistin.; te dDuciet higher than is necessary to 
Clear the haulage equipment. Every act ion of the dragline is started and .con- 
trolled by the operator, Therefore its performance must reflect the ability 
of the overator, However g mechanical construction and power asplication 
differ for different makes of machines, These may fit one machine better for 
certain local conditions tnan another, or the personal orefererce of the 
operator due to his wast exoerience may male nim more expert in handling one 
tyne than another, ‘Thus, conacity rate may differ sreatly on the same drag 
line when overated by different individuals, 


Frorl a review of the elements that affect working canucity it is readily 
seen thet most of taem are of an intangible nature iicapable of accurate valua~ 
tion, The autuor feels therefore ‘that exact mathematical calculations cannot 
be anobied to draj;line working capacities, ifowever, aoproximate calculations 
of theoretical capacity are in orcer, ‘The delay factors affecting divergence 
between theoretical and working capacity can then be lunmmed together and tneir 
combined effect discounted by establisiinz a constant in the form of an 
arbitrary ratio between calculated theoretical capacity and actual working 
capacity, The result admittedly does not avoly to svecified conditions. To 

obviate this difficulty, tne theoreticsl cavacity should be calculated to 
show the range between difficult and easy digging. Tne working capacity will 
then show a similar range for minimum and maximum verformance within which the 
operator can evaluate tne erfect of his local conditions, 


Various authors have calculated drazline cavacities in various ways, ‘The 
author nas found the folloving metnod simole, easy to apoly, and sufficiently 
accurate for general avolication, | 


Theoretical canoacity is a function of the size of the. bucket and the time 
required for a complete dragline cycle through loading, swinging, dumping, and 
returnins to the digysing position, The bucket casacity is fixed by size, The 
loading time is calculated by the syneed of the draz cable using minimum and 
maximum distances through which the buc’:et «mist be dragved to fill, ‘The swing 
anc. return time is calculated fro: the rotating sveed of the’ dragline witno due 
consideration to accelerating and deceleratin,; ability anc average angle of 
swing « 


Dragline onerations consist of four motions; digging, hoisting, lowering 
the buecxet, and swinging the boom, The bucket.can either be hoisted or 
lowered while the boon is swinging, but while the bucket is being loaded the 
boom «mst be stationary, Ordinarily enough. time is required in swinging tne 
boom from vit to car or from car to nit to allow the bucket to be hoisted or 
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lowered in the same interval, Therefore hoisting snveed is not considered in 
calculating the cycle time, For excentional conditions such as digging from 
excessive deoths, however, hoisting soeed must be considered, Standard design 
1s such that for ordinary overation the swing time will balance Aoisting time, 
but for deep excavation the two sneeds become unbalanced and the hoisting speed 
must be taken into consideration, 


Swinging time is calculatec from tne rotating speed of the machine, Ac- 
celeration and deceleration ability n-cessarily affect the swinging time, and 
because of the longer boom they hawe a greater effect onthe dragline than on 
the power snovel, However, to.evalunte accurately the effect of these two 
elements would require a study of the mechaiical forces involved and their 
application in different males of machines, Such a discussion is not within 
the scope of this paner and should be left to the manufacturing engineer for 
calculation, To obviate the effect o: these elements, the writer prefers to 
combine them with. the other intangible delay elements in the ratio between 
theoretical and working capacity, ? 


The loading time is calculated from the sneed of the drag cable and the 

distance necessary to fill tne bucket, Ordinarily a dragline bucket can be 
depended upon to fill in three to six times its own length, In loose sand a 
heavy bucket probably will fill in its owm length. In cemented gravel or 
boulders it may require more than six times its length to fill, Calculation 
of loading time based on exact bucket length for each size would involve too 
large a table for easy use. Moreover, accuracy would not be gained by such 
an assumption because the desisn of tue buclcet influences its digging ability. 
Hor example, a wide, short bucket would fill in a shorter dragging distance 
than a narrow, long bucket. On the other hand, the wider the bucket the more 
power is required to load it, A light bucket will exert less pressure and 
therefore have less nenetrating power to carry its cutting edge below the 
surface, The angle of the cutting edce or teeth, as well as the point at which 
the drag bridle is attached, also affects the »oenetrating vower of the bucket, 
An analysis of the dimensions of buckets built by one manufacturer shows that 
for each cubic foot of measured capacity the 1/2=cubic-yard bucket has 2,12 
inches of width while the 8-cubic-yard bucicet has only 0.34 inch of width, 
The same analysis shows the smaller bucket to weigh 105 vounds ver cubic foot 
of capacity as against 85 »vounds for the large size, Thus while the ratio of 
weight to bucket size is fairly constant, the width ratio varies considerably, 
Thereofre, the length of drag sufficient to fill a small bucket should be less 
with its greater width-to-—canacity ratio, 


Hor this analysis Gragline buckets are divided into three groups; small 
intermediate, and large. For eacn grow the average bucket length has been 


obtained, anc the average minicmm and :mxinum draz: distances have been calcu- 
lated as follows: 
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-Minimun end maximum crag distances, feet 


Miniman Mosc buum 
3 times average (6 times average 
Bucket size, cubic yards: bucket lensth) vuc.et length) 
3/85 112 y S/o wawdiSeweieoese botawe 10 20 
1, 11/4. 11/2. 1 3/4, 2, 2 1/2, 3 15 30 
Slfey. Ay Oe Cy 7g 6 eekaeie wees 20 49 


Dumping time is assumed at an averaze minimua of 2,1 seconds and an aver~ 
are maximum of 4,4 seconds, Tiese are talzen arbitrarily and correspond to 
the average dumoing time tasulcated for power-shovel dioners. Dumping time 
enters the dragline time cycle only when tne dragline is loading some form of 
transportation equipment. W.en tne dragline is engaged in casting overburden 
to waste viles there is no dumming time as suci, The bucket is cast while 
the machine changes its direction of swing, 

The average swing of a dresline may be taken es 90°, and this will cover 
all but a few uwinusual conditions, Therefore the average swing and return 
mgle is 189°, | 


Swing and return tine may then be calculated in seconds as was done for 
power shovels, 


69 seconds times 1809, 
360° times r.pelle 


Loading time in seconds is calculated as follows 


60 | seconds tines drag distence 
soveed of drazs cable in feet per minute 


Table l2 aas been conniled to give the swing and return time for drag- 
lines with various rotating svzeds, The loading time for different lengtns 
of arag; and drag-cable speeds is also given. 

By adaing the theoretical swing end return time, the appropriate loading 


time (both given in table 12), and the asswied dumping time, the minimum and 
maximum theoretical cycle time for a fiven dragline may be obtained, 
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TABLE 12,.—-Data required for calculation of drazline 
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' Loading time in seconds for differ- 


o1 m1 ® 
e 
ci NO 


Pb bP Pp PO 
eo e« e @ © ee ° 
NMI @®O OW O 


Pb PA Pp 
e 
Qh POM 


PP ip 
ee 
Or XY 


oe me + ome 


cro 1 1 
e 
OH tn 


MINEO 0 


ANONNM 


9.0 | 12.0 
5.5 | 11.4 
3.5 | ll 
2 | 10.9 
oO «| (10.7 
9 | 10.5 
7 | 10.2 
66 | 10,2 
7.5 | 10.0 
7.3 | 9,8 
7,2 9.6 
7.1 9.5 
7.0 9.4 
7.0 9.3 
9 9.2 
8 9,1 
7 9.0 
7 8.9 
.6 | 8,8 
6.4 | 8.6 
6.2 8.3 
6.1 3.1 
540 8,0 
3.8 7 
5.6 7.5 
5.5 7.4 


1/ Dumoing time is asswied to range from an average minimum of 2.1 seconds to 
an average maximum of 4,4 seconds, 
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Thus a 3/4—cubic-yard drazline having a rotating speed of 4 r.p.m. anda 
Grags-cable sreed of 150 feet ver minute would have a thecreticel cycle time 
ranging from 13.6 to 19.2 seconds, calculated as followss.. 


Swing and return time for a roteting cpeed of 4 reper. 


from table 12 in sSoconts ovesscecescccsenecesercsscccee 7.0 7.0 
Loading time for & cable sncad of 150 feet per minute 
BUG LOALOOU: CLAS ay ce poctagiautersew wd ars eae ee ewe Rotate aes 4.0 
Loading time for 20-foot drag mires baauiedd eee aeseeaeieaen =e 
Minimum and maximum dumping bine esstmed at palacebiooes. - Bel 4-4 
| 13.6 1949 


Minimum and maximum tycles Sieh eh s6S oie 5ia oe SONOS A RMT MOODS 


“The thedretical* capaci ity of tie machine in cubic ‘yards. er Hour may then 
be calculated as follows: _ 


oa 7 , : . 
5,690 seconds tines bucket , capacity jin cubic yards. 
as time in seconas 


~ 


i @y) 


For exammle, the dresgline us ea in the previous examole, having a cycle 
range of 13.6 to 19.9 seconds, would have a theoretical eapacity-range of 136 
to 200 cubic ; yards per pours | 


Calculated in this manner, the author has found the ratio of working © 
capacity to theoretical capacity is about 1 to 33 thus the working capacity 
of the dragline in the prececsns example is estimated to range from 45 - 67 
cubic yards per hour. | 7 


Draglines made by cifferent manufacturers 7s shown by their nee have 
different rotating and @ras-cable speeds, Teble 13 is compiled from the 


information given in manufecttrers! catalogs, - capacities are computed 
after the author's method, . 
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| Deoretical | : ar ae 
Rotating | Dregline | Time | capacity, | Capacity. Tous per how 
speet, or | cycle, |cubic yards). 2/ 3/ 
eM, 1 Seconds | per poe ITheoretical Working 


Wini-| lLiaxig|Mini- 


ide exi-! iini4 deen ext ee 
Fa Sata ern 4 imam | mam__| mom st mom 


i Meter 
mum mom 


See yg ee 
3/8] 4.0 | 5.5 
ie Sa 6 40 
i 30 . 5 
ee Se SY l 
| ee aes area eee 
1 3.0 | 5,5 103 | 
11/4) 2.7] 4.5 | 1lo 
11/2] 2.7; 4.6 | 119 
1 3/4) 2.7] 4.5 | 12 
2 205} 4,5 | 122 
21/2) 1.8! 3.0 | 134 
3 1.8). 3.0 | 134 


900 


5 5 38.6 | 3271 555 | 474 | | 

4 0 39.0 | 3691 556 | 535 | 900 300 

5 5 | 59.8 | 301! so4 | 436 | 978 326 

6 5 57.9 | 3731 725 | 541 |1175 392 

8 5 57.9 | 4971 967 | 720 |1565 522 
10 5 57,9 | 622} 1221 | 902 | 1980 660 


1/ The ‘time cycle is tne sum of the time required to swing and return, load, and 
dump. Dunming time is asswied as ranging from 2.1 to 4.4 seconds, 

2/ Sand and gravel estimated to range from 2,900 to 3,240 vounds per cubic yard, 

3/ Assumed as one third theoretical canacity. This drastic reduction from the 
theoretical canacity is designed to account for delays of any nature and at 
the same time avoid detniled and exact calculations involving the relation 
of acceleration and deceleration ability, in mucnines of different size, 
upon the time of the dragline cycle, Tus reasonable accuracy is obtained 
by simole calculation without involving explanation of the effect of 
different mechanical details, 
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The travelin;; crane is one of the most useful tools to be found around an 
industrial plant. Essentially it consists of 2 self-propelled chassis on which 
is mounted a structural steel boom wiich may carry either a clamshell, orange- 
peel, or otner type of bucxet, Treveling cranes are built of many types for 
various uses, Wreclting cranes are mounted on heavy standard=-gase railway cars, 
They are self-oropelled and swing a short, heavy boom, Their principal use is 
to replace derailed locomotives and cars, and as such they do not ;ield an ex- 
cavating bucket, Locomotive cranes are commonly found arotind industrial plants 
of many types. They may be mounted on self-propelled, standard-gage, flat cars 
or snort=—coupled rasivay trues, Tne boom is longer and of lighter structural- 
steel construction tuan the wrecxing or excavating crane, They wield light 
weight clamsheli, orange-necl, or other types of buckets and are used princi-~ 
pally for loading or unloading freizht cars from or to stock piles, transferring 
stock from one Din or pile to another, and moving: heavy machinery, Being self~ 
propelled, the; are frequently used to spot railway cars in the absence of the 
switching locomotive, Mounted on caternillar traction, this tyne of crane has 
the same uses us one on railway trucks but has the cdvantage of greater mobility. 
None of these tranes, as ordinarily equipped for use arowid an industrial plant, 
is, strictly sveaking, an excavetor crane, although any of tnem may be.used for 
that purnose. nt 


The crane as used for excavating puroose is essentially the. same as the 
locomotive crane, used as a transfer unit, but it is usually fitted with a 
snorter boom mounted on a chassis similar to that of the power shovel or drag- 
line. In fact, the dragline boom and chassis may be used as an excavating 
crane, The bucket swung by the excavator crane is either a clamshell or 
orange—veel tyne, but it is of heavier coastruction than those used for trans- 
ferring matcrial around industrial plants, 


The crane excavator may be mounted on railwey trucks, but this type of 
mounting is uncommon, 


Excavator cranes are sometimes, but not often, used for digging gravel, 
As such, they must depend uoon the weight of the bucket to penetrate and dig 
the gravel, They have no means of forcing the bucket into the bed of gravel 
as the shovel has with its dinper sticlt and the dra;line has with its drag 
cable, In operation, the crane lifts its bucket and swings it over the 
point at which it is desired to cig, The bucket is opened and dropyved, 
striking the deposit with considerable impact. The bucket is then closed by 
appropriate mechanism without being lifted, The two or more jaws of the bucket, 
pressed into the ground by the irmmact and held by the bucket weight, gatner the 
material within their reach as they are clcesacd, 


The cycle of operations is similar to that of the dragline, that is, 
swinging and dropping the bucizet to the loading position, closing the bucket 
(corresponding to the drazzing time of the dragline), hoisting and swinging 
the bucket to the dumoing vosition, and onening the bucket for dumping, Foist- 
ing and swinging may be simultancous actions, Dumoing and loading are separate, 
and each requires tiie, 
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gue Clamsuell bucket is not satiafactory in nerd digging such as cemented 
Shave ts since it must depend uoon its weignt anc inmact to nenetrate the bed, 
Tne orange=peel bucket, vecavse of its »ointed cutting edges, penetrates 

toush ground easiex but is also easies to get out of order from rough usage, 


Kither tucicet may be usec on the crane for cry or wet excevation, and 
unaer certain concitions tne oranze=n.eel bucket uas been used very successfully 
to remove large boulders from sSeds liying under water, 


When used for wet oit or marine excavation, the crane is comnonly mounted 
on a floatin; scow and as such will be discussed wider dredges, 


Like the dragline, the crawler crane usually moves over the surface of 
the g€round and excavates material from oelov tiat level. It removes a nori- 
zontal slice by indivicual bucizet loads, Because of its onerating position 
and the method of diggings, it is capable of greater selectivity in mining 
than eitner the shovel or dragline, It may also 28 used to strip overburden 
as well as to excavate gravel from “the same vooit: “OD 


Capacity .—--The rated or Piesset ie canacity of & crane denends uvon the 
weight, design, and size of the bucket; the tj-e and anplication of the 
source of powers; tne sneed of the heist eae voom rotation, and bucket 
closing line; tne accelerating cnd deseleretinzs ebility; the tyne of mounting; 
and the ease cf oneration, 


The actual or workin capacity is arfected by all of these elements as 
well as by others such as the condition of the ground surface with regard to 
mobility, wet or dry digsing, smether the machine umst strip as well as dig 
gravel, tue charncter of the material to ve duz, the position of the gravel 
with relation to the crane's operating level, the height of ban or depth of 
cut, the relation of bucket size and weight to boom length and pitch angle, 
the service reniered by the haulese unit, anc the efficiency of the operator, 


There may be as mach variation in the worscinz cavoacity of a single crane 
operating under different conditions ana »versonnel as vith the power shovel 
or dragline, 


Tne working canacity of a, crane, like that of the shovel and dragline, 
is measured by the anount of material it ean dig and load in a given time, 
Other things being equol, its theoretical cavecity for a few minutes of opera- 
tion wovld be ae sone as its working caoacity, cut tne other factors are 
never equal, and the estination of workinz canacities must take into account 
the influence of those factors, The cenacity estimate in which the sravel 
operator is interested is that which is comyated with due consideration for 
all yossible delays, To eice such a calculation it is necessary to evaluate 
such delays. The author believes tnats it is izmossible to reduce such 
evaluations to mathematical »orecision with respect to crane excavation, 


The capacity of a crane excavator will be offected by seasonal and weather 
conditions, Thick zsravel weds afford greater and wore regular capacity by de- 
creasinz; the time lost in moving, Eowever, dizzing from excessive cenths re- 
duces canacity by reauiring mors hoisting time, A bank of cemented gravel 
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offers more resistance to the crane bucket than to a dragline or shovel, Li:ce- 
wise, imbedded boulders retard tre digging rate and hence reduce capacity, As 
with the dragline, 2 rough surface retards the mobility of the crane, but it 
can preoare a natn for itself in the sane manner, altnougn the path may not be 
as smooth, . 


In wet vits muddy water orevents tlie operator from olacing the bucket by 
sight. In deep pits where tne crevel lies below a considerable depth of water, 
more time is required for tke bucl.et to sixk to the bottom then if it were 
dropved through the air ia ary excavation, Tuis delay is less apparent in 
hoisting. However, the retardin» effect of suction in disengaging the loaded 
bucket from the gravel bed may be greater witn the crane than the dragline be~- 
cause the crane mast exert its lifting power in a direct vertical pull without 
the help of the side motion afforded by tne drag cable. In.such cases capacity 
may be reduced by time lost in starting the loaded buclcet, 


If the crane bucket is properly desizned for a certain doom Jength or 
angle and the former is lengthened or lowered, canacity suffers because a 
smaller bucket must be used with the increased radius, otlerwise there will be 


danger of overtunning the maciine, - 


Like that of all other types of excavating equipment, the capacity of the 
crane depends woon the service rendered by the haulage unit and the skill of 
tie operator, - , 


The lay-out of the excavation plan will have less effect on the crane 
capacity than with a shovel or dragline, The action of the crane is more indi- 
vidualistic,. The shovel or dragline operator attemots to remove a fairly 
regular cut from the bank by causing each Cipper or bucket load to follow that 
vreviously removed. The crane operator, however, can drop his bucket and re- 
move a load from any point within the radius of his boom, irrespective of 
where the previous load was taken, This ability allows considerable selective 
mining and permits the onerator to dig around obstructions such as sunken logs 
or trees in a river bed, ‘Thus, in some types of difficult digging the crane 
may be much more efficient than other equipment. On the other hand, the crane 
aca so well adapted to systematic excation along a regularly laid-out 
scneme 4 


The long boom of the crane, comodined with the vendular swing of the | 
bucket and the time required to open the bucket for dumping, offers a chance 
for appreciable variation in canacity due to operating skill, The crane 
bucket is slower to release and dump than that of the shovel, | 


When cars are being loaded the boom must be snotted and heid stationary 
while the bucket is dumped, In castin;: to waste or storage niles this is not 
necessary, “Mechanical equipment and vower application differ with the 
machine, and one machine may fit local conditions better than another, or the 
operator's past experience may malice hin more proficient with one than the 
other, Since every action of tne crane must be started and controlled by the 
operator, the capacity of a given machine devends to a great extent on the 
skill and ability of the man at the levers, 
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Thus it is readily seen tnat most of tne elements affecting crane, as 
well as shovel and dragline, working canacity ar2 intangible and incepable of 
accurate valuation, Therefore exact mathematical conmutations are inpossible, 
The autnor has found that crene canacities may be cormuted theoretically, as 
was done for siovels and craglines, besec on rotating speed, The theoretical 
capacity tnus found srmst de recuced ty at least 5 percent to ootain con~ 
servative working-caoacity Tigrmires, 


Because cranes are not cormonly used for sand and gravel excavation it 
is not deemed necessary vo present capacity tables in this renort,. however, 
in passing, it maz 52 pertinent to state tuet the time required by the averarze 
operator to civ eltvier the clamsnell or orenge-meel bucket will more nearly 
equal tno time required to load it than is tne case with the shovel, This 
accounts for vart of the nigner ratio used in calculating working capacities 
from tneoretical canacities with cranes, 
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» Maximum digging radius 
» Maximum dumping height 
» Maximum digging height 
, Radius level cut 
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Figure 1.— Power shovel. 
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A, Maximum dumping radius 
B, Maximum digging radius 
C, Dumping heigh 
F, Digging depth 


Figure 2.—Dragline. 
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